The behaviors and beliefs of recreational runners with regard to hydration maintenance are not well elucidated.
D
istance running has become increasingly popular among US adults. In 2009, more than 397 marathons took place in the United States, resulting in more than 468 000 finishing times, a 10% increase from 2008. 1 The majority of these participants probably serve as their own coaches and are unlikely to be supervised by health care professionals. Currently, no consensus for hydration guidelines exists in the scientific community and, consequently, the information runners encounter varies greatly. 2 Past hydration guidelines 3 encouraged athletes to replace sweat losses during competition. These recommendations received much scrutiny from influential people in the running community, 4 some of whom believe that such messages encourage overdrinking and increase the incidence of hyponatremia among marathoners in the United States. More recent position stands for athletes [5] [6] [7] have been fairly conservative, emphasizing the need for sufficient fluid intake before, during, and after exercise to minimize loss of body weight between exercise bouts and recommending that consumption during exercise not exceed sweat losses but be sufficient to avoid body weight reduction greater than 2%. All 3 position stands also promoted the addition of carbohydrates and electrolytes to fluids when exercise is to be prolonged (approximately 1 hour or more) and large sweat losses are expected, and they advised incorporating various methods to measure hydration status (eg, urine specific gravity, urine color, and acute and day-to-day changes in body mass). However, the International Marathon Medical Directors Association 8 has presented opposing viewpoints, particularly advocating that thirst be used as the primary gauge for fluid intake and deemphasizing the relevance of sodium ingestion during events.
Organized road races of half-marathon distance or longer are typically scheduled during cooler times of the year and in cooler regions, so that sweat losses can be partially mitigated. Most courses also feature numerous aid stations that provide water and sport beverages. Such ready availability of fluids may result in runners actually gaining weight from the beginning to the end of a race; in some cases, they ingest enough fluid to develop hyponatremia. 9 However, during training runners are responsible for providing their own fluids, and consequently hydration opportunities may be more limited. Access to sufficient hydration can be a particular concern for runners who train in warmer weather.
Shendell et al 10 reported that almost 90% of marathon runners completed their long runs outdoors. Furthermore, highly trained runners were unlikely to replace the majority of fluid losses during training, even if fluids were accessible. 11 Large body water losses can lead to dehydration (known to impair cognitive function 12 ) and are associated with increased risk of heat illness and decreased aerobic performance for physically active people in warm environments. 6, 13 Furthermore, compounding the potential negative effects of dehydration is the fact that running is often a solitary endeavor, and the athlete may be alone and far from support when dehydration occurs; therefore, it is important that runners be well educated about adequate hydration during training and competition.
Little is known about the hydration practices of distance runners and the degree of influence that association guidelines have on their behaviors. Accordingly, the primary purposes of our investigation were to determine which beverages runners drink and why, whether runners have experienced decreases in performance or heat related-illness symptoms believed to be caused by dehydration, and how runners monitor their hydration status. We also examined differences in responses for these areas, based on running volume and experience and performance levels. Additionally, runners were asked which sources influenced their hydration strategy and beverage choice decision making and how they supplied themselves with fluids during runs.
METHODS

Research Design and Participants
A population representing "average" nonelite level distance runners was targeted for this study. Runners participating in the 2010 Little Rock, Arkansas, Half-Marathon and Marathon were surveyed on site during the exposition that occurred during the 2 days before the race. A table for participants to use to complete surveys and 2 signs describing the survey were located at the doorway to the entrance of the registration site. Three investigators approached race participants who were entering the exposition center hall to pick up their race bibs and timing chips or leaving the hall and explained the purpose and requirements of the study.
No qualification times were required for entry, so the race was open to everyone. A total of 2908 runners completed the half-marathon, and 1550 runners completed the marathon. The only inclusion criteria for this study were that participants be at least 18 years of age and registered to run the half-marathon or full marathon. The researchers verbally informed participants of the purpose of the study and inclusion criteria, and participants completed a consent form before taking the survey. Consent forms and surveys were turned in separately, in order to maintain anonymity. This investigation was approved by the university's institutional review board.
Three hundred runners completed surveys. However, 24 surveys were discarded because they contained incomplete items or were completed incorrectly. A total of 146 men and 130 women were included in the final sample; 57% (n = 157) were from Arkansas, and fewer than 1% (n = 2) were from foreign countries. The remaining participants claimed 27 different home states. Eighty-two percent of participants (n = 227) regularly engaged in exercise in hot or warm environments. Twenty-seven participants (10%) had been running the half-marathon distance or longer, during a race or training, for less than a year. Eleven percent of runners (n = 30) trained under the supervision of a coach or medical staff.
Participants were separated into tertiles by running volume, performance based on expected race completion time, and racing experience (VPE). The VPE was determined from a weighted z score based on expected categoric finishing time (weighted 35%; expected finishing times were categorized, with 1 representing the slowest category and 6 representing the fastest category), average miles per week (weighted 35%), participation in organized running events over the last 24 months (weighted 10%), years of running experience at half-marathon distance or longer (weighted 10%), and aerobic exercise sessions per week (weighted 10%). Runners' z scores were ranked and separated into tertiles (low = Low, n = 92; moderate = Mod, n = 92; and high = High, n = 92), based on the weighted z score, according to the 5 categories described. Demographic results are presented in Table 1 .
Survey Instrument
When we began to develop the survey, we were unaware of any instruments that addressed the areas of concern. The lead investigator (E.K.O.) created an original questionnaire constructed of items influenced by topics and content from recent reviews and position stands addressing fluid and nutritional concern for performance and prevention of heat-related illnesses. 5, 6, [13] [14] [15] [16] The survey items were reviewed for readability and content by the co-investigators, who included people with research experience in nutrition and performance, environmental physiology, and thermoregulation. The review panel also consisted of experienced runners and a registered dietitian. Revisions were made, and the draft survey was evaluated by 3 male and 2 female runners. After completion of the survey, the runners were asked to report any items that lacked clarity and to offer suggestions on content. The final questionnaire consisted of 23 items.
The first item was a 100-mm visual analog scale asking participants whether they regularly drank sport beverages before, during, or immediately after exercise, with anchors of 0 (never) and 100 (always). A definition for sport beverage was provided in bold print immediately above this item: "For the purpose of this study, sport beverages will be defined as flavored beverages containing carbohydrates and electrolytes."
The second section asked participants the extent to which 6 different information sources influenced their exercise-related beverage choices and hydration strategies ( Table 2) . Participants chose from none, minor, and major.
The next section included 10 items that addressed types of beverages consumed by participants and their viewpoints on the ergogenic and hydration properties of water and sport beverages (Table 3) . Response choices for this section were strongly Participants were also asked whether they had ever experienced heat-related illness symptoms or a major decrease in running performance that they believed was caused by dehydration, with response choices of yes (once), yes (more than once), no, or do not know (Table 4 ).
In the final section, participants were asked whether they used any method to monitor their hydration status, followed by an open-ended response section to list any monitoring methods used. The final question asked participants whether they drank during their outdoor runs in warm or hot environments. Response choices were never, sometimes, very often, or always.
This question was
followed by an open-ended section for participants to describe how they supplied themselves with fluids during runs.
Data Analyses
Quantitative data values are presented as mean ± standard deviation for continuous variables or as frequencies by percentages for nominal variables. One-way analysis of variance was used to determine whether differences existed in VPE for demographic and visual analog scale responses. For items in Table 3 , categorical responses were converted as follows: strongly disagree = 1, disagree = 2, agree = 3, and strongly agree = 4. Not Almost 70% of participants (n = 190) believed that they had experienced a major decrease in performance (and 44% [n = 121] reported multiple incidents) due to dehydration (Table  4 ). The High group reported more performance decrements than did the Low group (P = .001), and differences between the High and Mod groups approached significance (P = .07). Fiftyfour percent of the High group (n = 50) reported suffering from heat-related illness symptoms they believed were caused by dehydration during a run, compared with 42% (n = 39) for the Low and 37% (n = 34) for the Mod group, but no differences were found among VPE levels.
Twenty percent of runners (n = 55) reported monitoring hydration status (Table 5) . Urine color was the most often reported method (7%, 20 runners). Although not technically a method for measuring hydration status, predetermining the amount or time intervals (or both) that they would drink during the run was cited by 9 runners (3%). Nine participants (3%) also listed frequency or volume of urination as a marker of hydration, followed by 8 runners (3%) who reported using thirst or "listening to [their] body" as a guide. Only 5 participants (2%) listed measuring changes in body weight as a method they used.
A total of 42% of runners (n = 117) reported always drinking during their outdoor runs in warm or hot environments, whereas 6% (n = 16) reported never drinking during outdoor runs in warm or hot environments (Table 6 ). Carrying bottles in their hands or in a waist belt or using a backpack-type hydration system was the most commonly reported means of obtaining fluid during a run (62%, n = 170), followed by placing bottles on the route before the run (21%, n = 58) and drinking from public water fountains or faucets (12%, n = 32).
Full-marathon runners reported greater (56 ± 30 mm) regular consumption of sport beverages in exercise environments than did half-marathon runners (39 ± 34, P < .001), but no difference between sexes was found (men = 48 ± 33, women = 45 ± 35, P > .05). Women reported greater agreement (3.3 ± 0.7) than did men (3.1 ± 0.7, P = .02) with the concept of intentionally increasing fluid consumption outside of exercise environments during warm or hot weather (Table 3 , item 1). Stronger agreement was reported by full-marathon (2.8 ± 0.8) than halfmarathon (2.6 ± 0.8, P = .02) runners with the statement, "Sport beverages are superior to water in meeting hydration needs of exercisers" (Table 3 , item 2). Differences in agreement about a preference for the taste of water over sport beverages in exercise environments were found by both sex (men = 2.6 ± 0.8, women = 2.9 ± 1.0, P = .02) and distance of race registered to run (half-marathon = 2.9 ± 0.9, full marathon = 2.5 ± 0.9, P < .01) ( Table 3 , item 3). In comparison with men (2.0 ± 0.9) and full-marathon runners (2.0 ± 0.8), women (2.4 ± 1.0) and halfmarathon runners (2.4 ± 1.0) reported greater agreement (both P < .01) with the statement that they avoided sport beverages because of their caloric content (Table 3 , item 4). Half-marathon runners reported greater consumption of low-calorie or zero-calorie sport beverages than did full-marathon runners (2.7 ± 1.0 and 2.3 ± 1.1, respectively; P < .01) ( Table 3 , item 6). No differences were seen between male and female runners or between half-marathon and full-marathon runners for any other items. Complete results based on these variables are exhibited in Appendices A-D.
DISCUSSION
Dehydration during strenuous physical activity, particularly in warm or hot environments, can increase the risk of heat applicable or do not know responses were removed from comparisons. Categorical response items in Table 4 were converted as follows: yes (more than once) = 3, yes (once) = 2, and no = 1. A 1-way analysis of variance was also used to analyze differences among VPE level groups for these items, and Tukey post hoc tests were calculated when omnibus effects were found for VPE level. Responses for the visual analog scale item that addressed the use of sport beverages and items (Tables 3 and 4) were also compared between participants registered to run the half-marathon and full marathon and between men and women runners using independent-samples t tests. Open-ended responses were evaluated and placed into categories determined by members of the investigation team. An alpha level of .05 was used for all hypothesis tests.
RESULTS
Fifty-five percent (n = 80) of male runners and 29% (n = 38) of female runners who completed the survey were registered to run the full marathon. Participants' training histories, the race for which they registered, and expected finish time by VPE level and for the total sample are detailed in Table 1 . Differences in VPE level were noted for all continuous variables (miles per week, number of competitions of half-marathon distance or longer, years of running experience of half-marathon distance or longer, and aerobic exercise sessions per week: P < .001) and for predicted finishing time. Differences were observed between the Low and High groups for all continuous variables (P < .001) and between the Low and Mod groups for all continuous variables (P < .001) except the number of running competitions of half-marathon distance or longer in the last 2 years and number of exercise sessions per week lasting longer than 1 hour (P > .05).
Advice from other runners about exercise beverage choices and hydration was reported as the greatest source of influence (major influence = 64%, n = 177) by participants. Complete results for sources of influence on hydration strategies are displayed in Table 2 .
The High group reported greater regular consumption of sport beverages in exercise environments than did the Low (P < .001) or Mod (P < .001) groups (Table 1) . The Low and Mod groups reported less agreement than did the High group with the statement "Sport beverages are superior to water in meeting hydration needs of exercisers" (P = .01; Table 3 ). Participants in the Mod group were more likely to strongly agree with the statement "I prefer the taste of water over sport beverages in exercise environments" than did those in the High group (P = .03). A total of 31% (n = 86) of runners agreed with the statement that they avoided drinking sport beverages because of their caloric content, and 50% (n = 138) drank lowcalorie or noncaloric sport beverages. Thirty-eight percent of runners (n = 105) reported drinking high-carbohydrate beverages or carbohydrate and protein beverages. Those in the Mod group reported less agreement than did those in the High group with "Drinking a sport beverage instead of water will result in better recovery and improved performance for my next exercise session" (P = .02). Compared with the Low and Mod groups, the High group was more likely to agree that "Drinking sport beverages with carbohydrates and electrolytes before or during exercise can improve performance for runs of greater than 1 hour compared to water" (P < .01). Results by VPE and total responses for the items discussed above based on VPE are presented in Table 3. exhaustion, heat stroke, and muscle cramping. 5, 6, 13 Although the finding is still debated by some, 17 dehydration of more than 2% of body weight has been shown to result in reduced aerobic performance capacity for many people. 5, [18] [19] [20] The scientific community has devoted much attention to the type, quantity, and timing of fluid athletes should consume. As the popularity of distance running increases, a growing population may face the negative performance or health consequences of inadequate hydration strategies. In this investigation, we explored the practices and perceptions of runners regarding hydration and exercise environment beverage choice.
Our most important finding was the large number of runners who believed that performance decrements and heat-related illness symptoms were caused by inadequate fluid intake. Decreases in running performance thought to have been caused by dehydration were common (70% of participants), and the incidence rate increased with VPE level (Table 4 ). This outcome may be attributable to the increased distances, frequencies, and intensity levels of runs undertaken by those in the higher VPE levels. Even though we provided no definition for "major decrease in running performance," and response rates were based on participants' subjective interpretations, it is nonetheless apparent that the majority of runners believed they had experienced decreased performance because of inadequate fluid intake. Future investigations concerning why athletes reached a point of dehydration that resulted in decreased performance (eg, inadequate intake before or during the run, lack of fluid availability, inadequate prerun hydration strategy to compensate for actual fluid deficit, unexpected change in weather) are warranted. Forty-five percent of participants reported they had suffered heat-related illness symptoms that they thought were caused by dehydration. The relationship among environmental conditions, intensity of physical activity, and fluid intake in heat illness is complex, and individual athletes may have different responses to similar conditions. However, dehydration is believed to exacerbate the symptoms of heat-related illness, and fluid intake is a preventive measure suggested by the American College of Sports Medicine 13 and the National Athletic Trainers' Association. 15 Our results indicate that most runners agreed that hydration during runs in the heat is particularly important and reported that they take frequent steps to make sure they can access fluids during runs by a variety of means. Whether this impetus comes from personal negative experiences or trusting in the advice given by a variety of influential sources is unknown. Regardless of the reason, at some point the majority of these runners thought that inadequate fluid intake had led to less than optimal performance, and nearly half believed that dehydration had resulted in health impairment during a run.
Winger et al 21 found that runners relied most heavily on their own experiences when developing hydration strategies. We considered only external sources of influence. However, in agreement with Winger et al, 21 interpersonal contacts (particularly with other runners) rather than information provided through peer-reviewed literature, professional association position stands, or advertisements (Table 2) were the primary sources of information about hydration strategies and exerciserelated beverage choices. These findings highlight the fact that for health care professionals to reach the largest audience, information about hydration and fueling for performance and safety must be disseminated in a conversational format. Information disseminated on a more personal level may be perceived as more trustworthy.
Most runners (89%) trained without supervision. Therefore, it is important for health care professionals to interact with people in the running community who are likely to pass the information on to other runners. Speaking to local running clubs and setting up information booths at prerace running expositions are excellent opportunities to distribute information on a more personal level that can be passed on to other running community members through word of mouth.
The High group reported greater use of sport beverages in exercise environments than did the Low and Mod groups. Beliefs about rehydration properties and ergogenic effects of sport beverages may account for these differences. The High group reported greater levels of agreement with the statements "Sport beverages are superior to water in meeting the hydration needs of exercisers" and "Drinking sport beverages with carbohydrates and electrolytes before or during exercise can improve performance for runs of greater than 1 hour compared to water" than did the Low and Mod groups. Experienced endurance athletes drink more sport beverage (even when a least-liked flavor is given) than water during prolonged exercise when both beverages are continuously available 22 and when drinking opportunities are limited. 23 The High group's greater level of agreement with "Drinking sport beverages with carbohydrates and electrolytes before or during exercise can improve performance for runs of greater than 1 hour compared to water" is supported by scientific evidence. 16, 24 The differences among these groups could be a result of the High group's running longer distances at greater intensities, their past experiences, or their greater exposure to information supporting the use of carbohydrate beverages. The belief that carbohydrate-containing beverages will improve performance has also been noted in highly trained endurance athletes. Clark et al 25 found lower levels of improvement in a subsequent time trial when a group of highly trained cyclists was misled into believing they were drinking a noncalorically sweetened sports drink and actually given a carbohydrate sport beverage than in another group given a placebo and told they were receiving a carbohydrate sport beverage. Also, half-marathon runners and women reported greater agreement than other runners in avoiding sport beverages because of their caloric content. Beliefs about the effect of beverage choice on weight management are important factors for many runners, so low-calorie or no-calorie flavored sport beverage options may be useful for promoting fluid replacement.
Runners often have a heightened sense of focus on nutrition and hydration in the days leading up to a race and are likely to begin a competition in a hyperhydrated or euhydrated state. However, a state of adequate hydration may not be the case during training, when runs are frequently scheduled around work and other activities. When fluid may not be readily available (as opposed to during a race with hydration stations), a key aspect of hydration is pre-exercise hydration status. 5, 13, 14 Urine color was the most reported method (20 runners) used to assess hydration status. This simple technique correlates highly with urine specific gravity and urine osmolality 26 and is a practice supported by the National Athletic Trainers Association. 6 When asked whether they monitored their hydration status, a few participants in our survey reported a specific hydration plan (eg, "Measure out water"; "I just rehydrate every 20-30 minutes in cold runs-every 10-15 minutes in hot weather"; "Drink fluid on my belt and, depending on weather, drink every 2 miles"). How runners determined the quantity of fluids and when they should consume fluids is unknown. Six runners (2%) listed a method involving sweat rate. Responses ranged from specific strategies (eg, "Sweat rate, lots of sweat-more intake-up to a point; I replace no more than half that I lose") to indistinct observations (eg, "How wet my clothes are"). No runners reported how they assessed sweat rate.
Measuring changes in body mass is the most accurate way to determine acute changes in hydration level and sweat loss 27 and is a vital component for developing an individual hydration strategy. 13, 14 However, only 5 (4 of these from the High group) of 276 runners (2%) reported measuring changes in body weight. Runners tend to greatly underestimate their actual sweat losses.
11 Ambiguity in open-ended responses about changes in body weight makes it difficult to assess whether runners were referring to acute or daily changes in body mass. This hydration monitoring technique can be implemented by any runner with an accurate scale and should be more heavily promoted. Eight runners (3%) listed thirst or "listening to [my] body." Unfortunately, we did not ask whether these responses were based on the International Marathon Medical Directors Association 8 recommendations. Much effort has been undertaken to develop hydration guidelines for athletes, but the experiences and viewpoints of runners themselves are not well understood. Runners' beverage choices (eg, higher-volume runners reported greater sport beverage consumption) reflected current recommendations. Yet developing and actively monitoring individualized fluid-intake strategies based on the consensus of guidelines 5, 6 do not appear to be common practices for most participants, despite many reports of negative sequelae related to dehydration. Because almost all participants served as their own coaches, they should be encouraged to measure body weight changes during exercise to develop individual hydration plans. This is a simple method that appears to be underused and should be better promoted in the running community.
A limitation of this study was that 70% of participants resided in regions of the United States where hot and humid conditions are common during much of the year. Runners training in more arid and cooler regions may have different opinions and experiences regarding hydration needs and habits. Similarly, the results from this sample of predominantly recreational runners who did not train under the supervision of experienced coaching and training staffs are not intended to be extrapolated to more elite-level distance runners.
Upon completing this survey, numerous participants shared personal stories with the investigators about negative experiences with running and dehydration. Their ideas on the proper way to stay hydrated varied greatly. Many runners had firmly entrenched beliefs about what, how much, and when they should drink. However, many were unsure about their hydration habits and were interested in our personal views on what they should be doing. Future investigators should explore how scientific findings and position stands published in peer-reviewed journals can be better disseminated to the public. Mean 
